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environment, the nose of the air- 
craft would heat up to 800°F, the 
windshield to over 600°F, while the 
exhaust section behind the engines 
would reach over 1,200°F. 


Since every pound of weight was 
critical, adequate insulation was 
out of the question and the inside 
of the aircraft would be like a mod- 
erately hot oven. The pilot would 
have to wear a full pressure suit 
with its own cooling apparatus, 
pressure control, and oxygen sup- 
ply. The fuel tanks, which occupied 
most of the internal volume of the 
aircraft, would heat up to 350°F. This 
dictated a special low vapor pres- 
sure fuel (JP-7), and the tanks them- 
selves were inerted with nitrogen 
to prevent the possibility of explo- 
sion. The fuel was also used as a 
heat sink to cool various parts of 
the aircraft. 


Insulation on the aircraft's intricate 
wiring soon became brittle, result- 
ing in short circuits and electronic 
failures. Although improved insula- 
tions were found, this remained a 
problem throughout OXCART’s life- 
time. Lockheed also had to search 
long and hard for hydraulic fluid 
that would not vaporize at high 
speed but would still be usable at 
low altitudes. Finding a suitable 
hydraulic pump was just as difficult. 
Literally every part on the A-12 had 
to be developed from scratch. 


The choice of titanium for the air- 
frame also presented some chal- 
lenges. After evaluating many 
materials, Lockheed chose an alloy 
of titanium (BetA-120/Ti-13V-11Cr- 
3A1) characterized by great 
strength, relatively light weight, 
and good high temperature char- 
acteristics. Obtaining sufficient 
quantities of titanium of a quality 
suitable for fabricating aircraft 


One of the A-12s nearing final assembly in Burbank. The vertical stabilizers 
and outer wing panels have not been fitted yet, providing an idea of how the 
aircraft is assembled. The large object in the foreground is one of the special 
$100,000 trailers used to transport the fuselage to Groom Lake. (Lockheed) 


components proved very difficult. 
First, most of the world’s known 
titanium reserves at the time were 
located in the Soviet Union. Sec- 
ond, methods for maintaining good 


quality control during the refining 
and milling of titanium were not 
fully developed and up to 80% of 
the early deliveries from Titanium 
Metals Corporation had to be 


The last A-12 (60-6939) in final assembly. Lockheed completed the aircraft, 
then removed the outer wing panels, nose, and vertical stabilizers prior to 
transporting them to Groom Lake. Interestingly, this A-12 shows the metal 
vertical stabilizer that was replaced with a high-temperature plastic 
composite unit to improve the radar-defeating performance of the aircraft. 
Barely visible on the extreme left is the first SR-71 (64-17950). (Lockheed) 


Ж НЛ 


13 


The last A-12 (60-6939) in final 
assembly. Large plastic covers were 
placed over the chine areas to 
prevent damage by workers during 
the assembly process. The cockpit 
canopy has yet to be fitted, and the 
large opening behind the cockpit is 
the “О” bay used to house the 
photographic equipment. The first 
M-21 mother-ship is immediately 
behind this A-12, separated by a 
security screen. (Lockheed) 


The first A-12 (60-6924) in final 
checkout at Burbank. Only the first 
A-12 used titanium fuselage chines 
and wing leading edges, as shown 
by the overall metal finish on this 
aircraft. All later aircraft used high- 
temperature plastic composites for 
these surfaces. (Lockheed) 


rejected. It was not until 1961, 
when TMC officials were informed 
of the national security objectives 
and high priority of the OXCART 
program, that quality control prob- 
lems with the titanium supply 
ended. Even after sufficient high- 
quality titanium was received, Lock- 
heed’s difficulties were not over. 


One of the virtues of titanium was 
its extreme hardness, but this creat- 
ed difficulties in machining and 
shaping the material. Drills which 
worked well on aluminum disinte- 
grated and new ones had to be 
devised. It was also found that 
wrenches and other tools that were 
plated with certain metals had a 
detrimental effect on the titanium, 
and special tools had to be pur- 
chased. Assembly-line production 
was basically impossible and each 
of the small OXCART fleet was 
more-or-less hand built. 
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package measuring 35 feet wide 
and 105 feet long could be trans- 
ported without major difficulty. 
Appropriate arrangements were 
made with the police and local offi- 
cials to safely transport the aircraft, 
without disclosing exactly what 
was in the odd-shaped container. 
The entire fuselage, minus wings, 
was loaded on the specially 
designed trailer and departed Bur- 
bank on 26 February 1962. It arrived 
at"The Ranch" two days later. 


At Groom Lake the aircraft was 
reassembled and the J75 engines 
were installed, but the aircraft was 
still not ready to be tested. This 
delay was caused by leaking fuel 
tanks, a problem that would never 
be solved completely. Because the 
A-12's high speeds would heat the 
titanium airframe to more than 
500*F, Lockheed designers had to 
make allowances for expansion. 
When the metal was cold, the 
expansion joints were at their 
widest. In the fuel tanks, these gaps 
were filled by pliable sealants, but 


The A-125 cockpit was very conventional, shown here on 2 January 1962, 
before the periscopic sight had been installed at top center. Each of the 
Blackbird models featured a different cockpit arrangement, largely based 
on its mission and the number of crew. (Lockheed) 


the JP-7 acted as a strong reducing 
agent that softened the sealants. 
When the aircraft was first fueled, 
68 separate leaks developed. The 
fuel was drained, and Lockheed 
technicians stripped and replaced 


all the sealant, a tedious and time 
consuming procedure because the 
sealant required four curing cycles 
over a period of 30 to 54 hours. The 
engineers were never able to dis- 
cover a sealing compound that was 


The third A-12 (60-6926) clearly shows the triangular panels used on the leading edges of the wings and chines. The 
semi-circular area under the forward fuselage is the UHF antenna location. The early Blackbirds (A-12, M-21, and 
YF-12) had a rear fuselage that terminated even with the trailing edge of the wing. The SR-71's rear fuselage 
protruded several feet providing an easy visual reference. (Lockheed) 


SY ШЫ 


17 


May 1967, and on 22 May an A-12 
(60-6937) flew nonstop from 
Groom Lake to Kadena in six hours 
and six minutes. By 29 May 1967, 
just 13 days after President John- 
son’s approval, BLACK SHIELD was 
ready to fly an operational mission. 


On 31 May 1967 the first BLACK 
SHIELD mission flew one pass over 
North Vietnam and another over 
the demilitarized zone (DMZ). The 
mission was flown at Mach 3.1 and 
80,000 feet, lasted three hours and 
39 minutes, and photographed 70 
of the 190 suspected surface-to-air 
sites and nine other priority targets. 
The A-12's ECM equipment did not 
detect any radar signals during the 
mission, which indicated that the 
flight had gone completely unno- 
ticed by both the Chinese and 
North Vietnamese. During the next 
six weeks, there were seven more 
BLACK SHIELD missions. 


Between 16 August and 31 Decem- 
ber 1967 there were fifteen addi- 
tional BLACK SHIELD missions. On 
17 December one SAM site tracked 
an A-12 with its acquisition radar 
but was unsuccessful with its FAN 
SONG guidance radar. On 28 Octo- 
ber 1967 a North Vietnamese SAM 
site launched a single missile at 


_ OXCART. Photography from this mis- 


sion showed exhaust smoke above 
the SAM firing site, and pictures of 
the missile and of its contrail as it fell 
harmlessly back to Earth. 


The only time the North Viet- 
namese came close to downing an 
OXCART was on 30 October 1967 
when at least six missiles were fired 
at an A-12, each confirmed by 
vapor trails on mission photogra- 
phy. The pilot saw these vapor trails 
and witnessed three missile deto- 
nations behind the A-12, which was 


Post-flight inspection of the aircraft 
revealed that a piece of metal had 
penetrated the lower right wing fil- 
let area and lodged against the 
support structure of the wing tank. 
The fragment was not a warhead 
pellet but may have been a part of 
the debris from one of the missile 
detonations. 


Four BLACK SHIELD missions were 
flown during the first three months 
of 1968, with the last overflight of 
Vietnam taking place on 8 March 
1968. During this same three- 
month period, the OXCART made 
its first overflight of North Korea 
after the USS Pueblo was seized on 
23 January 1968. 


Secretary of State Dean Rusk was 
reluctant to endorse a second mis- 
sion over North Korea for fear of 
diplomatic repercussions should 
the aircraft come down in hostile 
territory. The Secretary was assured 
that the aircraft could transit North 
Korea in seven minutes, and the 
mission was finally flown on 19 Feb- 
ruary. The third and last overflight 


of North Korea occurred on 8 May 
1968, and also proved to be the last 
operational OXCART mission. 


Almost a decade had elapsed 
between the time when the con- 
cept for the OXCART aircraft was 
first examined and the first A-12 
operationally deployed. Then after 
only 29 operational missions, the 
most advanced aircraft ever built 
was retired. The abandonment of 
the OXCART did not result from any 
shortcomings of the aircraft, but lay 
in fiscal pressures and competition 
between the reconnaissance pro- 
grams of the CIA and the Air Force. 


The 12 single-seat A-12s accumu- 
lated slightly over 3,727 hours of 
flight time during 2,189 flights. The 
lone two-seat trainer added anoth- 
er 1,076 hours in 614 flights. Of the 
13 A-12s, five single-seat A-12 air- 
craft were lost in accidents during 
the OXCART program, and the 
eight remaining aircraft were 
retired to non-flyable storage at 
Plant 42 in Palmdale. No OXCARTs 
were lost to enemy action. 


A line of OXCARTs being assembled. The size of the “Q” bay opening behind 
traveling at Mach 3.1 at 84,000 feet. the cockpit on the closest aircraft is noteworthy. (Lockheed) 


SRT BACKS 


21 


ADVANCED MANNED INTERCEPTOR 


BLACKBIRDS TO DEFEND THE AMERICAS 


arly during the develop- 
ment of OXCART, Kelly John- 
son investigated the possi- 
bility of converting the aircraft into 
a bomber. The initial concept stud- 
ied by Lockheed involved carrying 
simple unguided gravity “special” 


(nuclear) bombs. These bombs 
were the result of breakthroughs in 
miniaturizing nuclear warheads for 
the Polaris submarine-launched 
ballistic missile. Four 400-pound 
bombs could be carried on a rotary 
rack located in the same Q-bay that 


normally housed the camera 
equipment. Depending on the 
exact length of the weapons, the #1 
fuel tank might have to be short- 
ened somewhat to make room. No 
external changes were envisioned 
except for the necessary bomb-bay 
doors on the underside of the fuse- 
lage, and the full radar attenuation 
features of the A-12 would be 
retained. A small force of these 
high-speed bombers would pro- 
vide a powerful deterrent since it 
was highly unlikely they would be 
detected on the way to their tar- 
gets, and even more unlikely that 
they could be intercepted. 


A forward fuselage mockup was 
reviewed by Gen. Curtis LeMay on 5 
July 1961 who expressed consider- 
able interest and asked if it could 
be adapted to carry air-to-surface 
missiles and associated guidance 
equipment. Johnson responded 
favorably, noting that to achieve 
the requested 200-foot CEP this 
was preferable to the gravity bomb 
solution. But although LeMay was 
interested in the possibilities, he 
indicated to Johnson that it was 
unlikely that the bomber version 
would be approved. The primary 
rationale was not technical, but 
rather that the Blackbird could be 
perceived as a threat to SAC's high- 


The YF-12As were constructed in a 
cordoned-off section of Building 
309/310 in Burbank since they were 
being built under a different security 
arrangement than the CIA's OXCART 
aircraft. Noteworthy in this view is 
the AN/ASG-18 radar and the loca- 
tion of the second seat. (Lockheed) 
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est priority project, the North Amer- 
ican B-70 Valkyrie. Even so, as late as 
a 26 October 1961 memo from the 
Air Force to Lockheed, there was 
still a possibility that a bomber ver- 
sion could have been ordered. But 
no order for a strike version of the 
Blackbird ever materialized. 


Always looking for new opportuni- 
ties, Kelly Johnson had periodically 
proposed a high-speed interceptor 
based on the A-12 design to the Air 
Force. Internally, the interceptor was 
referred to as the AF-12 and in late 
October 1960 the Air Force award- 
ed a $1 million contract to Lock- 
heed under project KEDLOCK. Lock- 
heed's vision, not necessarily shared 
by the Air Force, was that a fleet of 
93 high-speed interceptors could 
adequately protect the North Amer- 
ican continent against most expect- 
ed Soviet threats from directions 
other than those expected (and 
well defended) over the North Pole. 


As originally conceived by Kelly 
Johnson's engineering team the 
AF-12 was an A-12 modified with 
the AN/ASG-18 fire control system 
from the still-born North American 
XF-108 Rapier and three GAR-9 
radar-guided air-to-air missiles. The 
pilot's seat was raised for better visi- 
bility and a second seat (for the 
radar officer) added in a deeper for- 
ward fuselage. This bulged canopy 
area gave the AF-12 a distinctive 
appearance amongst the Blackbirds. 


Hughes used a modified Convair 
B-58 Hustler (55-665) named 
"Snoopy"to test the AN/ASG-18 and 
GAR-9 weapons systems. The nose of 
the B-58 was substantially modified 
to accommodate the large diameter 


The first YF-12A (60-6934) in final assembly during early 1963. The missing 
skin panels on the outer wing surface allowed access to the multitude of 
control cables and hydraulic lines that operated the outboard elevons. The 
YF-12As were usually fitted with metal vertical stabilizers during their entire 
career since defeating radar was not a primary concern for the interceptor 


variant. (Lockheed) 


In order to minimize distortion of 
the radar signals, the aerodynamic 
chines on the extreme nose had to 
be deleted and the radome length- 
ened, although the aircraft was 
slightly shorter overall. The modi- 
fied chines accommodated a pair 
of infrared search and track (IRST) 
sensors, generally similar to the 


ones used on the F-101 and F-102 
interceptors. The aft fuselage, 
wings, nacelles, and engines were 
identical to the CIA's A-12. 


By early 1961 a mockup of the for- 
ward fuselage had been construct- 
ed and on 31 May 1961 it was 
inspected by an Air Force group 


of the ASG-18 radar dish. Two specially configured pods were manufactured by Convair to house a single GAR-9 
missile and its associated support equipment. Upon completion of the ASG-18 test series, this B-58 was stricken from 
the inventory and moved onto the photo test range at Edwards where it has sat since. It is currently earmarked to be 
included in the Edwards Flight Test Museum if funds and parts can be found to restore it. (Tony Landis Collection) 
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The AIM-54 Phoenix (right) was developed largely from technology 
originally conceived for the GAR-9 (AIM-47) Super Falcon (left) used by the 
YF-12A. One of the largest differences was that the AIM-47 was scheduled to 
use a 250 kiloton nuclear warhead, while the AIM-54 uses a conventional 
warhead with a proximity fuse. The aerosurfaces also differ somewhat in 
order to improve the maneuverability of the AIM-54 which was designed to 
intercept cruise-missiles instead of supersonic bombers. (Hughes) 


The Hughes AN/ASG-18 pulse 
Doppler radar was the most 
powerful airborne radar in the world 
at the time of its development. This 
radar and its associated GAR-9 
Super Falcon missile were originally 
developed for the North American 
XF-108 Rapier escort fighter prior to 
that aircraft's cancellation. Many of 
the technologies developed for the 
ASG-18 found their way into the 
production AN/AWG-9 radar used by 
the Navy F-14 Tomcat. (Lockheed) 


that was generally very pleased 
with the progress being made. 
Unfortunately, by June 1961 wind 
tunnel tests revealed that the 
revised nose and cockpit configura- 
tion caused directional stability 
problems at high Mach. In an effort 
to solve this, a large folding ventral 
stabilizer was added under the aft 
fuselage, and a small fixed ventral 
fin was added under each engine 
nacelle. This gave the AF-12 a very 
distinctive in-flight appearance. 


The Hughes AN/ASG-18 was the 
first coherent pulse-Doppler radar 
designed in the United States. It was 
capable of long-range (~100 mile) 
look-down or look-up operation, 
but could only track a single target 
at a time. The AN/ASG-18 system 
had been born in July 1956 when 
the Air Defense Command formu- 
lated specifications and characteris- 
tics that gave birth to the North 
American XF-108 Rapier. Hughes 
had subcontracted to develop the 
radar system, and when the Rapier 
program was cancelled, had joined 
forces with Lockheed to promote 
the development of an interceptor 
version of the A-12. 


On 17 October 1958 Convair had 
received a contract to modify a sin- 
gle B-58A (55-665) and to manufac- 
ture two specially configured pods 
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To meet an Air Force 
requirement for rapid 
response to intercept 
alerts, Lockheed devel- 
oped two alternate 
starting systems in addi- 
tion to the normal 
“Buick” starting cart 
used by the OXCARTs 
and later by the SR-71s. 
In the photograph, the 
center object is the nor- 
mal vertical drive shaft, 
similar to that used by 
the “Buick” starting carts 
The object on either side 
of the drive shaft is a 
cartridge starter that 
used a chemical reac- 
tion to spin the drive 
shaft to speed. A tur- 
bine-powered starting cart was also developed. Both of these systems were deemed more compatible with the 
interceptor role, but both were more expensive to purchase and maintain and were not used extensively by the 
Blackbirds. Noteworthy in the drawing that shows the normal “Buick” cart system (upper right) is the fact that the 
drawing clearly shows an SR-71, even though the illustration is from a YF-12A manual. (Lockheed) 
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AFB, and supported the manufac- 
ture of spare parts for the SR-71s for 
many years. After the cancellation 
of the F-12B program the YF-12As 
were placed into flyable storage. 


YF-12s with NASA 


NASA's involvement with the Black- 
bird began in earnest during 1967. 
NASA wanted an instrumented 
SR-71A to use for its own research, 
but failing that, NASA was willing to 
install an instrument package on 
one of the SR-71A test aircraft. The 
Air Force declined, but offered 
NASA the use of two YF-12As 
(60-6935 and 6936) then in storage 
at Edwards. A team from the Air 
Defense Command would be made 
available for maintenance and 
logistics support. A memorandum 
of understanding was signed 5 
June 1969 followed by a public 
announcement on 18 July. 


NASA and Air Force technicians 
spent three months getting the 
YF-12A (60-6935) ready for flight 
and the joint flight research pro- 
gram got under way with a suc- 
cessful maiden flight on 10 Decem- 
ber 1969. Flight Research Center 
(FRC) and Langley engineers were 
very interested in measuring flight 
loads, which vary depending on 
aerodynamic conditions and the 
effects of structural heating. At 
some future date, engineers 
planned to move the aircraft into 
the High Temperature Loads Labo- 
ratory, heat it, and determine how 
much of the measured flight loads 
stemmed from structural heating. 
When an airframe is heated, the 
induced thermal stresses change 
the shape of the structure even 
without loads being applied. The 
changed airframe shape then has a 
much different load distribution 
pattern. To predict loads and struc- 


No in-flight photographs exist of this particular modification to one of the 
YF-12As, and no record of it having flown in this configuration has been 
found. But several detail photos showing this canard installation have been 
located. NASA was extremely interested in the altitude-holding capability of 
an eventual supersonic transport (SST) and it is possible that this experiment 
was intended to investigate pitch control laws. (NASA via Tony Landis) 


Returning home from a test flight, the number two YF-12A (60-6935) 
appears as if it could be returning from a successful intercept mission. The 
center ventral fin proved to be mostly unnecessary and would have been 
deleted from any production F-12B model. (Tony Landis Collection) 
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involved in a YF-12 
flight was enormous. 
The Blackbird crew 
would suit up 1.5 
hours before take-off, 
drive out to the flight 
line, and enter the air- 
craft. Other FRC per- 
sonnel would ready an 
F-104 and T-38 to 
chase the Blackbird 
through Mach 2. The 
Air Force would send a 
KC-135Q tanker with a 
load of JP-7 from the 
SR-71 base at Beale 
AFB. After take-off the 
YF-12A would refuel 
from the tanker, accel- 
erate to approximately 
Mach 0.9, dive (the 
most efficient way to 
exceed Mach 1), nose 
upward, and accelerate 
to the maximum 
speed selected for the 
flight, outrunning and 
out-ranging the chase 
aircraft. After one large 
circuit over the west- 
ern United States, the 
Blackbird would decel- 
erate and descend, 
take on more fuel from 


The Hughes GAR-9 
(AIM-47) air-to-air 
missile was 12.5 feet 
long, had a diameter of 
13.5 inches, a fin span 
of 33 inches, and 
weighed over 800 
pounds. Its maximum 
speed of Mach 4 was 
not significantly faster 
than the YF-12A that 
was launching it. It had an advertised maximum range in excess of 125 miles, although no intercepts were 
attempted at that distance. It was expected that production versions would use a 250 kiloton nuclear warhead. 
Much of the basic technology (minus the nuclear warhead) was later used to develop the AIM-54 Phoenix missile 
used by the F-111B and F-14. The YF-12As launched seven GAR-9s at speeds ranging from Mach 2.19 to Mach 3.2 - 
surprisingly six of these launches passed within lethal distance of their targets. (Lockheed) 
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NASA had little use for an interceptor, and the YF-12As were modified to carry research equipment in their missile 
bays. The size of electronic equipment during the 1970s is evident in these photos – similar equipment today would 
probably be less than half the size. The SR-71 is also capable of carrying equipment in bays located in 
approximately the same location as these. (Mick Roth) 
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The D-21s used a Marquardt RJ43- 
MA-11 ramjet engine that provided 
1,500 pounds-thrust and a speed of 

Mach 3.35 at 90,000 feet. This was 
the engine installation on the first 
D-21 (#501) during final assembly. А 
unique feature of ramjets is that 
they need to be moving compara- 
tively fast before they will ignite, 
requiring release from a high-speed 
aircraft or rocket. Initially it was 
planned to use the M-21 for this pur- 
pose. (Lockheed) 


D-21 designation, while its two-seat 
Blackbird launch vehicle was called 
the M-21. The "D" stood for "daugh- 
ter" while the "M" meant "mother" — 
the “21” was simply “12” reversed to 
avoid confusion with other A-12 
related projects. A full-scale mock- 
up of the drone was completed on 
7 December 1962, and spent the 
next two weeks being tested for its 
radar cross-section. 


The two M-21s were purpose-built, 
not modified A-12s, although there 
were remarkably few differences. A 
single dorsal-mounted pylon car- 
ried the D-21 but aerodynamic con- 


(Above) A row of D-21 drones 
undergoing modification to D-21B 
standard at Lockheed. Only the first 
six drones were actually delivered as 
basic D-21s, and four of these were 
launched by the M-21s. The 
remaining drones were converted to 
the D-21B standard prior to their 
delivery to the Air Force for use by 
the modified SENIOR BOWL B-52Hs. 
(Lockheed) 


Most of the plumbing and other 
components of the D-21B were 
accessible from the top. This D-21B is missing its flight control surfaces and all access panels while it sits in a work 
jig at Lockheed. The simple jig attached to the mounting locations on the bottom fuselage originally intended for 
the M-21 pylon, and the jig rotated to allow access to the top without the use of work stands. (Lockheed) 
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siderations resulted in the pylon 
being shorter than Kelly Johnson 
desired. This required that the M-21 
“push over” during launch instead 
of flying straight and level as origi- 
nally intended, a choice later regret- 
ted. The pylon contained a series of 
latches that secured the D-21 to the 
M-21, provisions for emergency 


pneumatic jettison of the D-21, and 
a refueling line that was used to 
top-off the drone's fuel tanks prior 
to launch. Unlike the original A-12s, 
the M-21 carried a back-seater 
known as the Launch Control Offi- 
cer (LCO) who used a periscope to 
monitor the “daughter.” 


Only six inches of clearance existed 
between the D-21's wingtips and 
the top of the M-21's vertical stabi- 
lizers. The D-21 was placed to the 
rear of the normal center-of-gravity 
and a little nose high. Jettisonable 
nose and tail covers were installed 
to reduce the drag of the open, but 
non-functioning, inlet during early 
captive-carry flights. The inlet cover 
was angled down to assist the air- 
flow over the M-21 and D-21. 


The first “fit check” began on 19 
June 1964 in Building 309/310 at 
Burbank using the first M-21 
(60-6940) and the first D-21 (501). 
Very few problems were noted, and 
both the drone and mothership 
were cleared for final assembly. The 
first captive-carry flight occurred 
on 22 December 1964, ironically 
the same day that the first SR-71 
made its maiden flight. The target 
date for the first launch was Kelly 
Johnson's birthday, 27 March 1965 
but it did not quite work that way. 
Many problems needed to be 
worked through, and the first 
launch did not occur until 5 March 
1966 over the Pacific Ocean some- 
where between Pt. Mugu and Van- 
denberg AFB. 


On the first launch attempt the 
drone’s inlet cover was jettisoned 
and promptly collided with the 
leading edge of the D-21's wings, 
causing a great deal of damage. All 
future D-21 flights would be made 
without the covers, and the D-21's 
engine was usually started at Mach 


The first 0-21 drone (#501) was 
moved under the cover of darkness 
from its manufacturing area in 
Burbank building 82 to the Blackbird 
assembly area in building 309/310 


for the first mating of the drone to its M-21 (60-6940) mothership. Surprisingly, the fit-check disclosed no 
unexpected problems. At this point the drone was missing its outer wing panels and vertical stabilizer. Noteworthy 
are the M-21’s outer wing panels which are partially open to allow access to the engine compartments. (Lockheed) 
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Originally the plan was for the D-21 to have aerodynamic inlet and exhaust covers to assist the M-21 in reaching its 
desired launch speed. These covers would be pyrotechnically jettisoned immediately prior to launch. This 
photograph shows the result of the first, and last, attempt to jettison the nose fairing. Debris from the fairing 
impacted the composite leading edge of the drone, severely damaging it. All future flights would delete the cover, 
and use the drone’s engine to provide the M-21 with some additional thrust to compensate for the extra drag. The 
drone5 fuel tanks would be topped-off in flight from the M-21. (Lockheed) 


The first test flight 
of the D-21 ($501) 
mated to the M-21 
(60-6940) occurred 
on 22 December 
1964. The drone's 
intake cover is 
clearly visible. 
Lockheed test pilot 
Bill Park was flying 
the M-21,and the 
back seat was 
empty as a safety 
precaution. An 
F-104, in this case 
flown by Art 
Peterson, was used 
for chase on most 
Lockheed test 
flights. (Lockheed) 
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The M-215 spent their entire career in natural metal finish with the normal 
black composite areas. This is the first flight on 22 December 1964. Even 
though they were CIA aircraft, all the A-12 series aircraft carried full U.S. Air 
Force markings. (Lockheed) 


Like all the other Blackbirds, the 
M-21 was capable of in-flight 
refueling, and in fact, its mission 
profile dictated at least two 
refuelings. The 11,000 pound drone 
on its back, and the aerodynamic 
interaction of the drone and the 
tanker's boom, made it a chore for 
the M-21 pilot to take on fuel even in 
calm skies. (Lockheed) 


1.24 to eliminate some induced 
drag, and also to provide additional 
power to achieve the desired 
launch speed. 


The mated combination was not as 
straight-forward as it might appear. 
The added weight of the D-21 sig- 
nificantly slowed the acceleration of 
the Blackbird. To be at the correct 
speed and altitude over Pt. Mugu, 
the M-21 had to begin its speed run 
over Albuquerque, New Mexico. 
Once the Marquardt ramjet was 
running at full power, the M-21 was 
flown downward in a 0.9g arc to 
assist in separation. Fuel reserves 
were minimal when the M-21 
reached the launch point, and an in- 
flight refueling had to be made 
immediately after the drone was 
launched (or immediately after the 
decision was made not to launch it). 


The first successful launch from an 
M-21 was made on 5 March 1966 
with the drone having only 2596 of 
its design fuel load. A launch with a 
5096 fuel load was made on 27 April 
1966, while a full fuel launch was 


The first test fitting of a D-21B ($507) 
toa SENIOR BOWL pylon was 
accomplished on 1 June 1967 in 
Burbank building 82. The drone is 
still missing its engine and wing 
leading edges, and many access 
panels are missing from the pylon. 
The structure in the nose intake is 
noteworthy. (Lockheed) 
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THE SENIOR CROWN 


n December 1962 the Air Force 

ordered six “reconnaissance- 

strike” versions of the Blackbird 
optimized to conduct high-speed, 
high altitude reconnaissance of 
enemy territory after a nuclear 
strike. In August 1963, the Air Force 
added 25 more aircraft to the 
SENIOR CROWN contract, for a 
total of 31. 


An OXCART In A BLUE Suit 


Internally Lockheed referred to the 
new aircraft as the R-12, a reconfig- 
ured A-12 that was slightly longer 
and heavier to accommodate dif- 
ferent reconnaissance systems and 
a second crew member. The “О” bay 
which housed the A-12's very capa- 
ble camera system became the 
Cockpit for the reconnaissance sys- 
tems officer (RSO). The Air Force 


wanted an aircraft capable of using 
side-looking radar in addition to 
using several different cameras and 
incorporating the ability to collect 
Signal Intelligence (SIGINT). The 
additional weight of all this equip- 
ment resulted in a slower maxi- 
mum speed and a lower operating 
ceiling. 


The 31 SR-71s were 
manufactured in the same 
area previously used for the 
OXCART aircraft and 
YF-12As. This photograph 
shows two aft fuselage and 
wing structures being built- 
up side-by-side. The one on 
the left is further along, with 
most of the fuselage skin 
being in place.The one in 
the lower right corner 
shows technicians installing 
fuselage bulkheads, 
although most of the 
engine nacelle is already 
skinned. (Lockheed) 


The forward fuselages 
were built-up separately 
from the rest of the air- 
frame. Noteworthy are 
the protective panels 
placed over the chines to 
protect the composite 
skin during assembly. The 
open compartment 
immediately aft of the 
second cockpit is for the 
star tracker and will 
eventually contain a 
nine-inch diameter 
quartz window. 
(Lockheed) 
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Three SR-71s in building 309/310 in 
Burbank. This was not so much an 
assembly line as a space on the 
factory floor where final assembly 
took place. The aircraft did not move 
once in this location until they were 
completed.The center aircraft 
already has its vertical stabilizers 
installed, although the other two 
aircraft do not. The upper wing skin 
was closed up last, allowing access 
to wires, cables, and fluid lines until 
the last minute. (Lockheed) 


The first mockup review of the R-12 
was on 13/14 June 1963 with a final 
review on 11 December 1963. By 
mid-March 1964 the construction 
of the first six R-12s was well under- 
way and around the same time the 
Air Force designated the aircraft 
RS-71, following the still-born RS-70 
version of the XB-70 strategic 
bomber. 


The process of making public the 

various versions of the Blackbird 

continued on 25 July 1964, when 
| President Johnson revealed the 
| existence of а new Air Force гесоп- 
naissance aircraft, which he called 
the "SR-71" instead of "RS-71." 
Deciding that renaming the aircraft 
was easier than correcting 
the President, the Air Force invent- 
ed a new category ("strategic 
reconnaissance") to explain the 
SR-71's designation. 


At the end of October 1964 the first 
SR-71A (64-17950) was ready to 
begin the overland journey fol- 
| lowed by all Blackbirds. But unlike 


The SR-71s were transported out of 
Burbank using the same specially- 

built trailers as the OXCARTs and 

YF-12As. The major difference was 

that the 58-715 were taken to 

Palmdale for their first flights 

| instead of Groom Lake. (Lockheed) 


An outer wing being attached. Each nacelle was split down its centerline, 
with the outer half of the nacelle and entire outer wing panel swinging up 
to provide access to the engine. A J58 waits in the foreground. The small 
holes on the trailing edge of the outer wing panel are attachment locations 
for the elevon and its actuators. (Lockheed) 
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An SR-71 undergoing heavy 
maintenance. Most of the upper 
wing skin and the upper chine skin 
has been removed. It is easy to 
distinguish this from a photograph 
from the original production line 
since the aircraft is painted black. 
There was remarkably little structure 
under the chines. (Lockheed) 


the A-12 and YF-12s before it, the 
journey would lead to new Lock- 
heed facilities located at Air Force 
Plant 42 in Palmdale, California, 
only 50 miles from Burbank. All the 
earlier aircraft had gone to Groom 
Lake for their first flights. The SR-71 
would use Plant 42, which is offi- 
cially known as the Production 
Flight Test Facility. In the early 
morning darkness of 29 October 
1964 the SR-71 departed Burbank 
aboard one of the same specially- 


Most maintenance was accom- 
plished in the special hangers at 
Beale AFB where the 58-715 lived. 
This aircraft is missing most of the 
bottom skin on the nose unit. There 
were several different nose section 
available, depending on the recon- 
naissance equipment required for a 
particular mission. (Lockheed) 


One of the upper wing 
“blend” panels has been 
removed from this SR-71, 
showing the contours of the 
fuel tank that makes up most 
of the fuselage structure. This 
area is primarily shaped the 
way it is for aerodynamic 
and radar-defeating reasons, 
and very little use of the 
volume was made since the 
temperatures were high and 
insulation would have added 
considerable weight. 
(Lockheed) 
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he ability of the Blackbird 
to achieve high-altitude 
high-Mach flight derives 
from its propulsion system and its 
structure, which is 93% titanium 
alloy with the remainder consisting 


The SR-71 production line in 
Burbank during mid-1965. 
Five Blackbirds can be seen 
in various stages of comple- 
tion. The closest aircraft 
appears to have metal rud- 
ders, while the third aircraft 
in might have composite 
units fitted. For unexplained 
reasons the Air Force was 
reluctant to use the compos- 
ite rudders on the SR-71, 
although the CIA did not 
experience any unexpected 
problems with them on the 
A-12. (Lockheed) 


IHE COLOR OF BLACK 


of high-temperature composite 
materials. The black paint, in addi- 
tion to reportedly absorbing some 
radar signals, assists in the reduc- 
tion of internal temperatures dur- 
ing high-speed flight. Virtually 


every part and component of the 
aircraft and its systems were specif- 
ically designed and fabricated to 
withstand the rigorous conditions 
dictated by its flight envelope. 


The third 
YF-12A 
(60-6936) anda 
GAR-9 (AIM-47) 
missile. This was 
after May 1965, 
evidenced by 
the three record 
marks (white 
Blackbird 
silhouettes) on 
the nose. The 
IRST sensors 
have been 
removed from 
the chines. 
(Lockheed) 


The YF-12A's 
back cockpit 
contained the 
radar controls 
(lower right) 
and missile 
controls 
(lower left), as 
well as the 
large radar 
scope and 
map displays. 
The back 
seater could 
not fly the air- 
craft; in fact, 
he could bare- 
ly see out of 
the aircraft! 
(Lockheed) 


Unlike most aircraft, the 
Blackbird cruised in after- 
burner, although this photo- 
graph was taken as the air- 
craft accelerated after a tank- 
ing. The shiny streaks under 
the wings are JP-7 leaks. 
(NASA via Tony Landis) 


The first M-21 (60-6940) on 
the ramp at Groom Lake. 
This aircraft never actually 
launched a D-21 although 
it was used for the initial 
captive-carry flights and as 
the photo chase aircraft 
for the four launches from 
the other M-21 (60-6941). 
This aircraft is now on 
display at The Museum of 
Flight in Seattle. 
(Lockheed) 
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The front cockpit of the SR-71 was completely conventional in appearance, returning to round-dial instruments 
instead of the more exotic vertical tape instruments used in the YF-12As. The large square instrument below the HSI 
is a map display, important at the speeds the Blackbirds traveled. (U.S. Air Force) 
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ANNUNCIATOR PANEL 

UHF-1 REMOTE FREQUENCY INDICATOR 
ү INDICATOR 

TEOC CAMERA POINT ANGLE INDICATOR 
LIQUID OXYGEN QUANTITY INDICATOR 
CENTER-OF-GRAVITY INDICATOR 


И 2000000 000000000 
ШЕ сосаооо вас ouo uon с 


РІА 
МАР PROJECTOR CONTROL PANEL 
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UHF DISTANCE INDICATOR 
BEARING DISTANCE HEADING INDICATOR 
ATTITUDE INDICATOR 
FUEL QUANTITY INDICATOR 
ELAPSED TIME CLOCK 
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ICATOR 


TRIPLE DISPLAY INDI 
RCD CONTROL PANEL 
MAP PROJECTOR SCREEN 

RADAR CONTROL PANEL 

МАУ CONTROL AND DISPLAY PANEL 
POWER AND SENSOR CONTROL PANEL 
INS LIGHTING CONTROL PANEL 
UHF-2 RADIO CONTROL PANEL 
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The SR-71 aft cockpit contained the controls and monitors for the reconnaissance equipment as well as the defense 
electronics (ECM). Almost half of the left console was devoted to ECM controls. The three screens in the center of the 
instrument panel are, from top to bottom: the view sight display; the radar display; and the map projection screen. 
The back seater was also responsible for navigation, and the center portion of the right console is devoted to 
navigation equipment. (U.S. Air Force) 
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The first flight of the "Big Tail" SR-71A 
(64-17959) was on 3 December 
1974, and its last flight was not quite 
two years later on 29 October 1976. 
With the war in Vietnam over, and 
budgets tight, the Air Force elected 
not to pursue a conversion program 
for additional aircraft. The aircraft 
had only 866.1 flight hours when it 
was permanently retired. (Lockheed 
via Tony Landis) 


Two 106 liter dewars of liquid nitro- 
gen in the nose wheel well were 
used to purge the fuel tanks as they 
emptied. Without the nitrogen 
purge the aircraft was limited to 
Mach 2.6 to prevent autogenous 
ignition of the ullage vapors. Late in 
their career, an additional 50 liter 
dewar was added to some SR-71s 
to allow longer missions. 


The basic Pratt & Whitney J58 
engine was 20 feet long, 4.5 feet in 
diameter and weighed 6,500 
pounds. Early engines provided 
approximately 30,000 pounds- 
thrust, while later engines were 
uprated to almost 34,000 Lar. Most 
The large intake spikes were one of the last items installed on the aircrafton documentation does not differenti- 
the final assembly line. The spikes are standing vertically behind this ate between the engines and sim- 
SR-71A. Small parts of the aircraft were built-up in the area behind the final ply lists them as 32,000 Ler. By com- 
assembly line. (Lockheed via Tony Landis) parison, each engine produced 
more horsepower than the Queen 
Mary ocean liner. Each hour of max- 
imum thrust at sea level consumed 
65,000 pounds of JP-7 and 
1,173,600 pounds of air. Fortunate- 
ly, Mach 3 flight was more econom- 


The forward part of each engine 
nacelle was fixed and did not swing 
upward with the outer wing panels. 
However, enough of the nacelle 
opened to completely access the J58 
engine. Maintenance on the various 
inlet ramps and vents was 
accomplished by removing smaller 
panels around the nacelle. 
(Lockheed via Tony Landis) 
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quality for analysis. The А-125 pho- 
tographic coverage was superior to 
the SR-715s, but the infrared, side- 
looking radar, and ELINT equip- 
ment provided some unique intelli- 
gence not available from the A-12. 


Although the fly-off had not settled 
the question of which aircraft was 
superior, OXCART did win a tempo- 
rary reprieve in late November 
1967. The Johnson administration 
decided to keep both fleets since 
OXCART was actually flying mis- 
sions over North Vietnam. In the 
spring of 1968 there was yet anoth- 
er termination study, and on 16 
May 1968 the original decision to 
terminate the OXCART program 
was reaffirmed. President Johnson 
concurred on 21 May. 


Early in March 1968, SR-71s began 
to arrive at Kadena to take over the 
BLACK SHIELD commitment, and 
the last operational mission flown 
by OXCART was on 8 May 1968 over 
North Korea. Several days later the 
last two A-12s departed Okinawa 
to join the eight OXCART aircraft 
already in storage at Palmdale. 
Because the A-12s were physically 
different from the SR-71, the only 
significant parts that could be used 
to support SENIOR CROWN were 
the J58 engines. The OXCART's out- 
standing Perkin-Elmer camera 
could not be used in the SR-71 
because the two-seater Air Force 
aircraft had a smaller camera com- 
partment than that of the A-12. 


The SR-71 would enjoy a long unin- 
terrupted service career after the 
OXCART was retired. But by the 
mid-1980s there was increasing 
pressure to retire the last of the 
Blackbirds. The most common offi- 
cial reason given was that the air- 
craft was getting too old to main- 
tain and was too expensive to oper- 


Several of the Blackbirds were transported to their museums by Lockheed 
C-5 Galaxy transports. This A-12 shows how the wings were cut to allow it to 
fit into the C-5. (Tony Landis Collection) 


ate. The popular reasoning was that 
satellites could perform strategic 
reconnaissance faster and cheaper. 
Amongst the general public it was 
widely believed that the Blackbird 
was being retired because a superi- 
or replacement ("Aurora"?) was 
entering service, although there is 
still no evidence of such a vehicle. 


The Strategic Air Command (SAC) 
operated the SR-71s as well as all 


SAVED BLACKBIRDS 


US nuclear bombers and tanker 
assets. General John Chain was the 
Commander in Chief of SAC and 
directly responsible for allocating 
the funding needed to keep the 
various programs running. General 
Chain saw redirecting the annual 
SR-71 budget as a way of continu- 
ing to fund the cost overruns being 
experienced on the B-1B bomber 
program, as well as modernizing 
the ICBM fleet. General Larry Welch, 
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NASA almost always sends a chase 
aircraft along with the SR-71 flights, 
although they obviously can not 
keep up with the Blackbird during 
the high-speed portions of flight. 
Here an F/A-18 Hornet flies chase on 
the SR-71B (64-17956). 
(NASA/Dryden) 


total cost of the LASRE program is 
approximately $14 million. 


Linear aerospike rocket engines 
have been around for over thirty 
years and is very similar to normal 
rocket engines in it’s plumbing and 
accessories, utilizing similar compo- 
nents, such as turbopumps. The 
most notable difference is the 
absence of a bell-shaped nozzle. 
The linear aerospike engine uses 
the atmosphere as part of it's noz- 
zle, with the surrounding airflow 
containing the rocket's exhaust 
plume. This keeps the engine at 
optimum performance and effi- 
ciency at all altitudes during ascent 
to orbit. Another advantage is that 
linear aerospike engines are 7596 
smaller than bell-nozzle rocket 
engines of comparable thrust. The 
smaller design means less engine 
weight and less engine support 
structure required, which allows for 
lighter spacecraft. 


Only now is the performance 
potential of the Blackbird becom- 
ing well understood. The SR-71 was 
intended for flight at altitudes 


The front cockpit of this NASA 
SR-71A (64-17980) is virtually 
identical to how it appeared in Air 
Force service (most of the sensitive 
items were in the back cockpit). The 
cockpit is fairly roomy appearing, 
but remember that the flight crew 
wears full pressure suits, making the 
accommodations rather tight for 
most pilots. (Tony Landis) 
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ON 26 APRIL 1962, LOCKHEED TEST PILOT 
Lou SCHALK TOOK THE FIRST FLIGHT IN AN 
AIRCRAFT AT A CLASSIFIED DESERT TEST 
FACILITY IN NEVADA. 


THE AIRCRAFT WAS FAR MORE ADVANCED 
THAN ANYTHING IN THE SKY, AND WHEN 
MADE PUBLIC SEVERAL YEARS LATER, WOULD 
CAPTURE THE WORLD'S FASCINATION LIKE 
FEW OTHER AIRCRAFT EVER HAVE. 


THREE DISTINCT VARIANTS WERE EVENTUALLY MANUFACTURED, BUT SURPRISINGLY, NONE OF THEM EVER HAD AN OFFICIAL 
NAME. UNOFFICIALLY, THEY HAVE ALL BEEN REFERRED TO AS “BLACKBIRDS” AND “HABU,” THE FASTEST, HIGHEST FLYING 
AIR-BREATHING AIRCRAFT IN THE WORLD. THE LOCKHEED MODEL NUMBER OF THE FIRST VARIANT WAS A-12, BUT BY A 
SORT OF INSPIRED PERVERSITY IT CAME TO BE CALLED OXCART, A CODE NAME ALSO APPLIED TO THE PROGRAM UNDER 
WHICH IT WAS DEVELOPED. THE OTHER TWO VARIANTS CARRIED THE AIR FORCE DESIGNATIONS YF-12 AND SR-71. 
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